The sudden death syndrome (SDS) is a relatively new problem in the feedlot industry. With SDS, apparently healthy cattle in late finishing die suddenly with no sign of sickness or lesions indicative of other diseases. Rumen fluid pH, histamine, total lactate, L(+) lactate and volatile fatty acids (VFA) were compared among 19 SDS cattle, two animals with lactic acidosis produced through grain engorgement, and six healthy feedlot cattle maintained on a high energy finishing ration more than 100 days. Rumen fluid from the lactic acidotic cattle was high in lactic acid and histamine concentrations, low in pH, and low in total volatile fatty acid (VFA) concentration. The rumen fluid from feedlot steers used as controls had moderately high total VFA concentrations, narrow acetate-to-propionate ratios, low lactic acid concentrations, no histamine, and pH below 6. Concentrations of lactic acid, hista-
INTRODUCTION
The sudden death syndrome (SDS) was first reported in Canada by Niilo and Avery (1963) . Later Niilo et al. (1967) reported that "sudden death" was one of the most common diagnoses in cattle feedlots of western Canada. Anthony (1971) reported death losses in several major feedlots in Kansas with some experiencing daily losses.
Clinical signs have not been described because of the sudden death of apparently healthy animals. The usual history has been that pen riders observe the cattle as normal, only to return an hour or so later and find a dead animal (Anthony, 1971) . There is no evidence of struggling before death (Anthony, 1971 ; Turner, 1971) .
The most consistent necropsy lesion observed has been hemorrhage and edema in tissues near the thoracic inlet and extending forward along the trachea (Anthony, 1971; Turner, 1971) . Several workers have incriminated clostridial organisms as the causative agent, but their role in SDS is confusing with no consistent pattern (Anthony, 1971; Batty et al., 1964; Niilo et al., 1967 Niilo et al., , 1969 Turner, 1971) .
To determine if certain metabolic end-products of rumen fermentation were associated with the SDS problem, the present study was conducted to compare rumen pH, VFA, lactic acid and histamine concentrations of SDS cattle with those from healthy feedlot cattle fed high concentrate rations and from healthy cattle fed 1249 JOURNAL OF ANIMAL SCIENCE, Vol. roughage only until lactic acidosis was induced by grain engorgement.
EXPERIMENTAL PROCEDURE
Rumen fluid was frozen immediately after being obtained from the cattle. The fluid was analyzed for pH, total volatile fatty acids (VFA), VFA molar percentages, total lactic acid, L (+) lactic acid, and histamine. VFA were determined by gas chromatography by injecting 2 gtliters of acidified (pH 1) centrifuged rumen fluid onto a 183 x .32 cm stainless steel column packed with 60-80 mesh chromosorb 101 with a nitrogen flow of 35 ml/min. The detector was flame ionization. Quantity was based on peak height using appropriate standards. Total lactic acid was determined colorimetrically by the method of Barker and Summerson (1941) and L (+) lactic acid by the method of Hohorst (1963) . A fluorometric analysis (Oates et al., 1962) was used to determine histamine.
Group 1. Several field trips were made to feedlots and specimen containers were left with feedlot veterinarians to send in frozen rumen fluid from cattle succumbing to SDS. Nineteen field cases of SDS were diagnosed by veterinarians and samples sent to the University. The samples were obtained as soon after death as possible (35 min to several hours), immediately frozen and shipped. The samples came from several feedlots in Kansas and one in Nebraska during the months of June, July and August. The average number of cattle per lot was 20,800 (range 10,000 to 40,000). Of the 18 SDS cases where sex was known, four were heifers and 14 steers. Ages ranged from 18 to 24 months except for two cases (16 and 30 months). The estimated weights ranged from 750 to 1,200 lb (341 to 545 kg) with an average of 939 lb (426 kg). Estimated days on a high-concentrate finishing ration ranged from 70 to 140 with an average of 109.
Group 2. Six healthy 990 to 1,200 lb (450 to 550 kg) steers that had been on full feed more than 100 days were fed twice daily ad libitum quantities (as-fed basis) a ration of 24.0% sorghum silage (31.8% dry matter), 70.2% roiled sorghum grain, 4.31% soybean meal, .12% urea, .37% limestone, .3% dicalcium phosphate, .5% salt, .05% trace mineral 9, .04% aureomycin (.35 oz/lb, 22.2 g/kg), .01% vitamin A (30,000 IU/g).
Group 3. Two rumen fistulated cattle, a 1,407 lb (638 kg) Angus steer (140E) and 882 lb (400 kg) Jersey cow (321D), were each fed twice daily a total quantity of 20 Ib (9 kg) of good quality alfalfa hay for 6 weeks at which time rumen samples were obtained to determine pH, lactic acid, and histamine. Following that 6-week period, lactic acidosis was produced in both animals. At the time of the usual morning feeding, each animal was given 22.5 g per pound (50 g per kilogram) of a mixture containing 97% ground sorghum grain and 3% molasses. The feed was introduced through a rumen fistula. Following this 2.25 g/lb (5 g/kg) of cooked wheat starch (100% gelatinized) was also given through the fistula and mixed with the rumen contents by hand. Rumen fluid samples were collected before initial engorgement and 1.5, 3, 6, 12, 24, 30, 36, 48 and 54 hr later.
RESULTS AND DISCUSSION
The results of analyses of rumen fluids from the SDS and healthy high concentrate-fed cattle (He) are shown in table 1. The rumen fluid from the SDS cattle was significantly higher than that from the HC cattle in concentrations of butyric acid and total VFA and significantly lower in rumen pH and concentration of propionic acid. The two groups did not differ in total lactic or acetic acid concentrations. SDS cattle exhibited significantly greater variations than HC cattle in rumen pH, total lactic acid, butyric acid and total VFA concentrations. In the HC cattle, no histamine was found in the rumen fluid and the lactic acid concentration was essentially zero. In the SDS cattle, many samples had no histamine and only two showed appreciable amounts of histamine. The lactic acid conccentration was essentially zero in most samples from SDS cattle. Low rumen lactic acid concentration in cattle adapted to high grain rations have been reported by DeBarthe et al. (1971) , Ryan (1964) and Tremere et al. (1968) .
The results of the two animals in group 3 are shown in table 2 acid, confirming results of Ahrens (1967) and Bruno and Moore (1962) . Heavy starch feeding produced lactic acidosis in both animals (table 2 and figure 1). Rumen pH dropped from 7.1 pre-engorgement in both animals to 3.6 (48 hr) in 140E and 3.8 (30 hr) in 321D. Histamine was absent in pre-engorgement samples and increased to 22.8 mcg/ml (54 hr) and 26 mcg/ml (48 hr) for 140E and 321D, respectively. High rumen histamine concentrations in lactic acidosis have been reported by others (Ahrens, 1967; Dain et al., 1955; Dunlop, 1972) . Before engorgement, rumen lactic acid was absent but increased steadily during the experiment. Total rumen VFA concentrations increased during the first 3 hr after feeding and then declined rapidly. Molar proportions of VFA remained relatively unchanged. Both animals exhibited anorexia and depression within 12 hr and fluid appeared to increase (visual observation) in the rumen of each animal. Rumen fluid odor from each animal became progressively sourer as lactic acidosis developed. Severe laminitis and dehydration were seen in 321D. After being sampled at 54 hr, the rumen content of each animal was removed and replaced with contents from a roughage-fed animal. On the fourth day after engorgement 321D died. Fluid, corticosteroid and antihistamine therapy were of no avail. Post mortem examination revealed only a slight abomastitis. 140E made an uneventful recovery. Dirksen (1970) reported that the initial decrease in rumen pH in lacticacidosis resulted from increased total VFA concentration but that later marked and prolonged depression of pH resulted from increased lactic acid concentration. The marked reduction in VFA concentration undoubtedly resulted from a change in the type of fermentation. Also, an increase in the fluid volume of the rumen resulted in dilution. As lactic acid accumulates in the rumen, the osmolality of the rumen fluid increases. This hypertonic situation draws fluid into the rumen and severely dehydrates the animal (Dunlop, 1972) .
During the initial acidosis the L (+) isomer predominated (table 2) . After 24 hr, the D (--) isomer began to appear [D (--)isomer determined by subtracting L (+) lactic acid concentration from total concentration]. Most mammalian tissues have less capacity to use the D (--) isomer. Dunlop (1972) has reported the pharmacologic differences in sheep between D (-) and L (+) lactate.
The data indicate that neither histamine nor lactic acid can be incriminated as causative agents in SDS. Since SDS usually occurs near the end of finishing, usually after the cattle have been on feed 100 days or longer, the cattle should be well adapted to the rations so over production of histamine and lactic acid which occurs in unadapted animals, should not exist. The results bore that out.
The high concentration of total VFA in the majority of SDS samples may have been due to the time lag in obtaining these samples after necropsy as compared with obtaining rumen fluid from live animals. However, animals where rumen samples were obtained within 35 rain of death had relatively high VFA concentrations (e.g., Sample SDS-13 had a VFA concentration of 282 raM/1. The animals from which this sample was obtained was observed dying and the sample was obtained promptly after death).
Clinical signs have not been described for SDS because of the sudden demise of apparently healthy animals. However, death was observed in two SDS cattle. Dyspnea was observed immediately before death in one animal (SD-09). Post-mortem examination showed the trachea nearly occluded at the thoracic inlet by edema and swelling. SD-13, the other one observed just prior to death, stood and trembled for a few moments, then Figure 2 . Comparison of rumen pH and lactate from two animals (140E and 321D) with lactic acidosis with those from healthy feedlot cattle fed a high concentrate ration (controls). collapsed and died without struggling. It was examined within 35 min after death. There were few lesions (no gas in the subcutaneous tissues of the neck and shoulders; only a few small hemorrhages in the trachea; and a slight enteritis).
There were no necropsy lesions in seven SDS cases. The occurrence of lesions was a follows: rumenitis (SD-02 and SD-10); abomastitis (SD-09 and SD-11); enteritis (SD-06 and SD-07); friable liver (SD-02); pale liver (SD-06 and SD-10); pale kidney (SD-06); rumen tympany (SD-06 and SD-17); gas in tissues (SD-07); cervical and/or tracheal hemorhages (SD-07, SD-10, SD-11, SD-14, SD-16, SD-17 and SD-19) and a granulomatous lesion (SD-15) adjacent to the larynx and probably not related to SDS. The nonspecificity of lesions for these SDS cases agree in general with those reported by Anthony (1971) and Turner (1971) .
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